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Total anomalous drainage of the pulmonary veins into the portal venous system is rare. Burroughs and Edwards (1960) noted 17 such cases in the 188 examples of total anomalous pulmonary venous drainage which they collected from the literature.
Rarer still is the presence of a left-sided inferior vena cava emptying into the left atrium or into the left side of a common atrium. We have traced five such cases.
A review of the literature by Gilbert, Nishimura, and Wedum (1958) revealed only 81 cases of coexistent splenic agenesis and cardiac malformation. In three of these the pulmonary veins drained into the portal circulation.
The simultaneous presence of all three congenital abnormalities-total anomalous drainage of the pulmonary veins into the portal system, drainage of a left-sided inferior vena cava into the left atrium, and splenic agenesis-must be exceedingly rare. We report such a case, the like of which we have not been able to trace. CASE REPORT T. C. H., a 27-day-old Chinese male infant, was admitted to the General Hospital, Singapore, on 2 May 1964 with a one-week history of breathlessness and cough. He was found to be generally cyanosed: a systolic murmur was heard all over the praecordium, and a few crepitations and wheezes were heard in the lungs. The child died four days after admission. Although congenital heart disease was diagnosed, the nature of the defects was in doubt.
NECROPSY The heart measured 4-5 cm. from base to apex; the transverse diameter was 3-8 cm. It was unusually mobile as the intrapericardial portions of the pulmonary veins were absent. Externally, the two atria and their appendages were clearly defined, but there was no interventricular groove.
Internally, the heart was seen to consist of two incompletely separated atria and a single common ventricle. The cavity of the left atrium was slightly larger than that of the right. The interatrial septum was incomplete, being represented by a small biconcave dense band of tissue, 0-5 cm. in width at either end and 0-2 cm. in width at the centre, running anteroposteriorly and almost vertically (Figs 1 and 2 ). This was attached superoanteriorly to the atrioventricular junction and inferoposteriorly to the most inferior portion of the atrial walls. There were thus two elliptical interatrial foramina; one, of the ostium secundum type, 1 8xl1-cm., and a smaller one, of the ostium primum type, 15 x 0 8 cm. (Fig. 1) .
The right atrium received a right superior vena cava but no inferior vena cava. In the most inferior portion of the medial wall was a small valveless circular opening 0-2 cm. across, into which drained several very small venous channels, which arose from the region of the right atrioventricular groove.
The left atrium received a left superior vena cava and left-sided inferior vena cava ( Fig. 1) . At the junction of the smooth endocardium with the musculi pectinati were several small openings, the largest 0-2 cm. across (Fig. 1) . Neither left nor right superior venae cavae received veins from the surface of the heart, nor was there any communication between them.
There was a single atrioventricular orifice, guarded by three cusps, leading into a common ventricle. The columnae carnae were prominent. There were two stout papillary muscles as well as several smaller ones. The aorta and pulmonary artery arose from the common ventricle anteriorly, the orifices being guarded by tricuspid and bicuspid semilunar valves respectively.
The pulmonary artery, 07 cm. in diameter, arose dorsal and to the left of the aorta, bifurcating 2-0 cm. from its origin into right and left pulmonary arteries. There was no ductus arteriosus. The right pulmonary artery gave off a small branch (Fig. 3) to the region of the carina which supplied the trachea and bronchi.
The aorta, I10 cm. in diameter at its origin, was ventral and to the right of the pulmonary artery its 254 (Fig. 3 ).
teres; PV=portalvein; RPA= right pulmonary artery.
liver substance which lay to the left of the gallbladder (this has been cut away in Fig. 3 ). The proximal half of the duotus venosus ( Fig. 3) Fig. 4 . HISTOLOGY The hepatic portal tracts were generally enlarged. Although the hepatic arteries and bile ducts appeared normal, the walls of the portal veins were The portal vein, 2 5 cm. long and 2-0 cm. in some two to three times their normal thickness. This diameter, received the splenic vein from the mid-was due to the presence of dense collagen admixed point of the pancreas, the superior mesenteric vein, with smooth muscle. The central veins were promiand the umbilical vein, the proximal part of which nent; they, too, showed some mural fibrous thickenwas patent. This latter vessel entered a tunnel in the ing. The hepatic sinusoids were engorged with red blood cells (Fig. 6) . The Kupffer cells and hepatic parenchymal cells appeared normal. A few foci of extramedullary haemopoiesis were present.
The lungs showed thickening of the alveolar walls. There was considerable intimal proliferation of the elastic arteries. The muscular arteries and arterioles had thick walls, the ratio of lumen to vessel wall being 1:1 (Fig. 7) (Butler, 1952; Darling, Rothney, and Craig, 1957; Laurence and Brown, 1960 (Friedlich, Bing, and Blount, 1950 In defects of Butler's type A, while the pulmonary venous return to the heart is by a devious route, the presence of a patent ductus venosus permits the blood to by-pass the liver. In type B defects the oxygenated blood must perforce pass through the liver to gain the hepatic veins and hence the heart. In such circumstances a shunt might well develop. However, a post-mortem portal venogram (Fig. 4) of our specimen showed filling of the portal vein, its right and left branches, and their finer ramifications, as well as retrograde filling of the left gastric and pulmonary veins. No major intrahepatic venous shunt could be demonstrated. The thickened dilated portal veins (Fig. 6) and -the increase of fibrous tissue around the prominent central veins were probably due to a greatly increased blood flow and, possibly, a raised pressure.
In the 3-day-old infant with a type B anomaly described by Laurence and Brown (1960) , oesophageal varices sufficiently large to cause haematemesis were noted. The oesophageal veins in our case seemed normal.
As recorded earlier, we were impressed by the abnormal mobility of the heart, which could be freely lifted upwards and forwards on its pedicle because the left atrium was not anchored by the pulmonary veins. This important point, first pointed out by Darling et al. (1957) , was stressed by Keith, Rowe, and Vlad (1958) and by Laurence and Brown (1960) . Butler (1952) suggested an embryological explanation for type B defects based on the hypothesis of a dual origin of the pulmonary veins, i.e., from the heart and from the foregut venous plexus (Auer, 1948 (Martin, 1826; Pernkopf, 1926; T6ndury, 1936; Gouley and Gilbert, 1939; Leikin, 1951) ; all had other associated cardiovascular anomalies and all died within six months of birth.
Martin (1826), describing the first recorded case of splenic agenesis associated with cardiac malformation, noted the presence of a persistent left superior vena cava and a left inferior vena cava emptying into the left side of the single atrium. Pernkopf (1926) and Tondury (1936) each described a case of multiple congenital anomalies, where the inferior vena cava opened into the left atrium. Gouley and Gilbert's (1939) report concerned a negro girl who died on the ninth day of life. Necropsy showed a persistent ostium primum, a left-sided inferior vena cava draining into the left atrium, and hepatic veins emptying directly into the right atrium. Leikin (1951) reported a case where the left atrium received a persistent left superior vena cava, a left inferior vena cava, and two large hepatic veins. We believe that ours is the sixth recorded case of a left-sided inferior vena cava draining into the left atrium or the left side of a single atrium.
Drainage of the inferior vena cava into the left atrium per se is not incompatible with longer survival (Gardner and Cole, 1955; Meadows, Bergstrand, and Sharp, 1961 ; Venables, 1963) . Gardner and Cole (1955) described a woman with cyanotic congenital heart disease who led an active life and underwent repeated pregnancies until her sudden death at the age of 32 years. The only defect detected at necropsy was a congenital abnormality of the proximal (hepatocardiac) segment of the inferior vena cava, which drained into the left side of the heart instead of the right. The abdominal part of the inferior vena cava was on the right side. In the cases recorded by Meadows et al. (1961) and by Venables (1963) the diagnosis was made clinically in each case with the aid of cardiac catheterization studies. Their patients, a negro man aged 37 years and a 9-year-old Australian girl respectively, were alive at the time of publication. 
Multiple anomalies of venous drainage
When one considers the complex development of the inferior vena cava in the embryo from symmetrical venous systems, it is indeed surprising that major anomalies have not been described more frequently. SPLENIC AGENESIS But one year after Winslow's account of the abnormal disposition of the pulmonary veins Pohl (1740) recorded the first detailed description of splenic agenesis. Martin (1826) described the first case of congenital malformation of the heart and great vessels in an infant with splenic agenesis. Gilbert, Nishimura, and Wedum (1958) collected 81 cases of this combination from the literature; 41 of these cases had transposition of the stomach as well. Polhemus and Schafer (1952, 1955) , surveying the literature, observed 'a definite syndromic occurrence of absent spleen, persistent atrioventricularis communis, accessory lobes of the lung, partial situs inversus of the abdominal viscera and anomalies of major blood vessels'; all five features were present in our case. Putschar and Manion (1956) found three cases of splenic agenesis (including one of their own) in which there was total anomalous pulmonary venous drainage into the portal venous system. The first of these, recorded by Arnold (1868) , showed among other defects dextrocardia with right-sided aorta, atresia of the pulmonary artery, and transposition of the atria and systemic veins. Their own case had a four-chambered heart with atrial and ventricular septal defects and a normal pulmonary artery and aorta; the left atrium received a persistent left superior vena cava and an inferior vena cava, and a large right hepatic vein entered the right atrium. The third case, described by Hu (1929) , presented many features similar to those of our patient. His patient was also a male Chinese infant with cor triloculare biatriatum, transposition of the large vessels with a hypoplastic pulmonary artery, patent ostium primum and ostium secundum, a three-lobed left lung, absent ductus arteriosus, total anomalous pulmonary venous drainage into the portal vein via the left gastric vein, persistent left superior vena cava, and a coronary sinus emptying into the left atrium, in addition to absence of the spleen. In his case, however, the inferior vena cava drained into the right atrium, and there was situs inversus of all the abdominal organs, including the liver and colon.
Though congenital heart disease was diagnosed clinically in our case, splenic agenesis was not suspected. Heinz (1890) first observed certain inclusion bodies in erythrocytes, which now bear his name. Their relation to the spleen was recognized by Schilling-Torgau (1912) and by Zadek and Burg (1930) . Gasser and Willi (1952) were the first to make the clinical diagnosis of splenic agenesis in infants with congenital heart disease on the basis of the presence of numerous erythrocytes containing Heinz bodies. It is known that Heinz bodies also occur, in the presence of an intact spleen, in persons with toxic haemolytic anaemia caused by chemicals (Freifeld, Schilowa, and Ludwinowsky, 1937) , but if such an anaemia can be excluded the diagnostic value of these inclusion bodies lies in the fact that they are constantly present in 10% or more of the erythrocytes in the peripheral blood of mature newborn infants with agenesis of the spleen. Splenic agenesis and a number of other commonly associated anomalies may be detected if peripheral blood studies are made on every baby with obscure congenital heart disease (Polhemus and Schafer, 1955; Putschar and Manion, 1956 ). Gilbert et al. (1958) discuss the aetiology of this anomaly. Muir (1959) has described a further seven cases of splenic agenesis in Singapore.
PERSISTENT LEFT SUPERIOR VENA CAVA While drainage of a persistent left superior vena cava into the right atrium via the coronary sinus is not uncommon, termination in the left atrium is (Edwards, 1960) . Edwards states, on good developmental grounds, 'whenever the left superior vena cava joins the left atrium, or the left side of a common atrium, the coronary sinus is absent'. In our case, a small opening, draining a small portion of the surrounding heart, was present in the anatomical site of the coronary sinus. Hu (1929) recorded the separate entry of a coronary sinus, and of a persistent left superior vena cava into the left atrium. The large opening in the left atrium ( Fig. 1) (Tobin, 1952) . It is suggested that an abnormal development of the pulmonary arterial end of the anastomosis instead of the systemic arterial end could have resulted in the vessel described.
ABSENT DUCTUS ARTERIOSUS Absence of the ductus arteriosus has been recorded by Stolker (1864), Myers and Keith (1926) , Hu (1929) , Taussig (1947) , and Edwards (1960) , associated with major communications between the systemic and pulmonary circulations, as in the present case. Edwards (1960) has suggested an explanation for this anomaly.
SUMMARY
A rare, possibly unique, combination of congenital defects, viz., total anomalous drainage of the pulmonary veins into the portal venous system via a grossly dilated left gastric vein; drainage of a left-sided inferior vena cava into the left atrium; cor triloculare biatriatum, with ostium primum and ostium secundum atrio-septal defects; transposition of the great vessels; absent ductus arteriosus; persistent left superior vena cava draining into the left atrium ; origin of a bronchial artery from the pulmonary artery; transposition of the stomach, duodenum, and pancreas; and splenic agenesis, occurring in a 1-month-old Chinese male infant, is described and the relevant literature is reviewed.
